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Abstract 
2-Acetyl-5, 5-dimethyl-2-cyclohexen-l-one reacts with decalin-1,3-dions (9a, b) and 4-hydroxy- 
coumarins (13a, b) following the pattern of a Michael addition with the formation of tricyclic 
compounds (10a, b and 14a, b). In the case of unsubstituted 2-acetyl-2-cyclohexen-l-one reaction 
with 4-hydroxycoumarine follows pattern of a DieIs-Alder heterodiene condensation to form te-
tracycle (15). Dehydration of both types of adduct gives tetracyclic compounds (11a, b and 16a, b, 
c). Coumarine derivatives (14a, b, 15, 16c) were tested for anticoagulative activity. 
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1. Introduction 
Despite of the fact that total synthesis of base natural steroids have been accomplished, only the synthesis of 
aromatic ones is effective. That is why there is still necessity of the methods which permit the rapid formation of 
their tetracyclic framework. A number of steroid heterocyclic analogues, their region- and stereoisomers can be 
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obtained only by the total synthesis. Incorporating heteroatoms into the steroid skeleton is an important task for 
pharmacological research because it allows finding out the substances having good therapeutic effects combin-
ing with the lack of hormonal activities. 

At the beginning (1935) of search for routs for total synthesis of steroids, Robinson et al. developed AB → 
ABD → ABCD scheme for building the cyclopentano- and cyclohexanophenanthren skeleton, starting with 
α-tetralones and appropriate acetylcycloalkens (1a, b) (Figure 1) [1] [2]. 

The use in this scheme of heterocyclic analogs of α-tetralone or acetylcycloalkens gives steroid analogs with 
heteroatoms in cycles A, B and D [3]-[5]. However, in the compounds obtained in this manner, typical natural 
steroids oxygen function or the side chain at position 17 (17a) is absent. Attempts to introduce them by chemical 
[6] or microbiological [7] methods in already obtained molecule have been unsuccessful. 

Consequently, it was logical to propose as being highly promising the use of acetylcycloalkenones (3a, b) in 
this scheme, which made it possible, or so it was believed, to obtain the ABCD fragment (2a, b), already con-
taining the 12,17-dicarbonyl grouping. 

For the first time this type of compound—acetylcyclohexenones (3b, c) were obtained in 1972 [8]. It has been 
shown that they are easily isomerized by heating in the presence of acids and bases in ketodienols (4b, c), which 
can not be used as an acceptor of Michael addition reaction with enolate anions of α-tetralones and they can not 
be involved in Robinson synthetic scheme. 

Therefore, it was decided to use in this synthetic scheme acetylcycloalkenoles (5a, b) instead of acetylcyc-
loalkenones (3a, b). We accomplished the synthesis of these compounds by two ways from cycloalkenons [9] 
and cyclic β-triketones [10]. Unfortunately, reaction of ketoenols (5a, b) with 6-methoxytetralon gave tetra-and 
hexacyclic compounds with low yield [11]. 

We have developed an efficient two-step synthesis of ketodienols (4b, c) [12] from corresponding 2-acetylcy- 
clohexan-1,3-diones, which allowed them to explore their chemical properties. It has been shown that in the 
presence of bases, they can easily enter the reaction with 1,3-cyclohexanediones giving adducts of Michael ad-
dition (6a, b, c). Intramolecular aldol condensation as in Robinson annulation was not observed. Dehydration of 
bicycles (6 a, b, c) in the presence of acid leads to the formation of pyran ring with the formation of tricycles (7a, 
b). Interaction of ketodienols with β-enaminones gives new derivatives hexahydroisoquinoline (8a, b, c) and 
decahydrophenanthridine (7d, e) [13] [14]. It should be noted that currently it has been revealed that there is an 
effective way to obtain not only acetylcyclohexenone (3b) [15], but also acetylcyclopentenenone (3a) [16] and other 
related endions [17]-[19] from corresponding cis-β-diketones by their selenenylation followed by selenoxide 
elimination of with hydrogen peroxide. The photochemical [2 + 2] and [2 + 4] addition reactions of acetylcyclo-  
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Figure 1. Acetylcycloalkens and substances obtained from acetylcyclohexa- 
dienols. R = H, R1 = CH3, R2 = CN, Y = O (a); R = R1 = CH3, R2 = COCH3, 
Y = O (b); R = CH3, R1 = H, R2 = CO2CH2CH3 (c); R = R1 = H, Y = NH (d); 
R = R1 = CH3, Y = NH (e).                                            
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hexenones with olefins [20] and enols [21] were studied. This article describes the synthesis of tri-and tetracyc-
liccompounds via reaction of ketodienols (4b, c) with 1, 3-decalindions and 4-hydroxycoumarins. Besides, data 
on biological testing for some of the resulting coumarine derivatives are also described in the article. 

2. Experimental 
2.1. General 
The reaction course and purity of the products obtained were monitored by TLC on Silufol 254 using 1:2 ether- 
hexane as the eluent with visualization by UV light or iodine vapor. The melting points were determined on a 
Boetius block. The IR spectra were taken on a UR-20 spectrometer for KBr pellets. The UV spectra were taken 
on a Specord M-40 spectrometer for solutions in ethanol. The mass spectra were taken on a Varian MAT-311 
mass spectrometer with direct sample inlet. The ionizing voltage was 70 eV. The PMR and 13C NMR spectra 
were taken on a Bruker AC-200 spectrometer at 200 and 50 MHz, respectively. The 13C NMR spectra were tak-
en with proton decoupting. The results of elemental analyses were in agreement with those calculated. Decalin-
dions (9a, b) were prepared as it is descried in [22] via the reaction 1-acetylcyclohexen with malonic ester. 
4-Hydroxycoumarins (13a, b) were obtained from phenols or resorcinol as it is descried in [23]. Using 
2-acetylcy-clohexen-1,3-dions as starting materials acetylcyclohexadienols (4b, c) were prepared in accordance 
with our method [12] previously described.  

2.2. General Procedure for Synthesis of Tricycles (10a, b and 14a, b) 
To a solution of 70 mg (3.1 mmole) sodium metal in 30 ml ethanol was added, after cooling, 9.23 mmole one of 
bicycles (9a,b or 13a,b) and, 20 min later, 9.23 mmole ketodienol (4c) and the mixture kept at room temperature. 
After 24 h the ethanol was evaporated in vacuum and the residue treated with 5 % HC1 (30 ml) and extracted 
with chloroform and the extract dried over magnesium sulfate. Evaporation of the solvent yielded: 

2(2-acetyl-5,5-dimethyl-3-oxocyclohexyl)-cis-1,2,3,4,4a,5,6,7,8,8a-decahydronaphthalen-1,3-dione (10a), 
yield = 95%; m.p. 152˚C - 154˚C; IR spectrum, ν, cm−1: 1590 - 1600, 1705, 3200; 1H NMR spectrum (CDCl3, δ, 
ppm, J, Hz): 1.02 (6H, s, CH3), 1.08 (6H, s, CH3), 2.04 (3H, s, COCH3), 1.00 - 2.6 0 (18H, m), 15.08 (1H, br s, 
enol-OH); Mass spectrum: m/z 332 [M]+, 314, 289.  

2(2-acetyl-5,5-dimethyl-3-oxocyclohexyl)-4-carboethoxy-cis-1,2,3,4,4a,5,6,7,8,8a-decahydronaphthalen-
1,3-dione (10b), yield = 92%; m.p. 120˚C - 122˚C; UV spectrum, λmax., nm (log ε): 284 (4,28); IR spectrum, ν, 
cm−1: 1608, 1632, 1709, 1742,3150, 3300; 1H NMR spectrum (CDCl3, δ, ppm, J, Hz): 0.98 (6H, s, CH3), 1.06 
(6H, s, CH3), 1.26 (6H, t, J = 7.0 Hz, CH3), 2.07 (3H, s, COCH3), 1.00 - 2.60 (17H, m), 3.45 (2H, q, J = 7.0 Hz, 
CH2), 15.20 (1H, br s, enol-OH); Mass spectrum: m/z 404 [M]+, 386, 361, 238. 

3-(2-Acetyl-5,5-dimethyl-3-oxocyclohexyl)-2H-chromene-4-ol-2-on (14a), yield = 93%; m.p. 181˚C - 
183˚C; UV spectrum, λmax., nm (log ε): 206 (4,44), 215 (4.27), 275 (4.08), 284 (4.13), 308 (4.15), 320 (4.04); IR 
spectrum, ν, cm−1: 1252, 1380, 1578, 1625, 1700, 1713, 2965, 3365; 1H NMR spectrum (CDCl3, δ, ppm, J, Hz): 
1.00 (3H, s, CH3), 1.10 (3H, s, CH3), 2.28 (3H, s, COCH3), 1.20 - 4.00 (4H, m),7.30 - 8.10 (4H, m), 15.00 (1H, 
br s, enol-OH); Mass spectrum: m/z 328 [M]+, 310,285.  

3-(2-Acetyl-5,5-dimethyl-3-oxocyclohexyl)-2H-chromene-4,7-diol-2-on (14b), yield = 92%; m.p. 224˚C - 
230˚C (dec); IR spectrum, ν, cm−1: 1245, 1401, 1568, 1620, 1662, 1722, 2965, 3250; 1H NMR spectrum (CDCl3, 
δ, ppm, J, Hz): 1.02 (6H, s, 2CH3), 2.02 (3H, s, COCH3), 0.80 - 3.50 (5H, m), 6.80 - 6.9 0 (1H, m), 7.90 (1H, d, 
J = 8.0 Hz) 15.20 (1H, br s, enol-OH); Mass spectrum: m/z 344 [M]+, 326. 

12-Methyl-6,11-dioxa-9-hydroxy-D-homo-l,3,5(10)-tetraen-7,17a-dione (15). To a solution of 1.62 g (10 
mmole) 4-hydroxycoumarin (13a) in 60 ml chloroform was added 1.38 g (10 mmole) freshly-prepared [12] ace-
tylcyclohexadienol (4b) in 150 ml ether and the mixture held at + 10˚C for 24 h. The solvent was evaporated and 
the residue separated on a chromatograph column (silicagel 100/160 m, l6 cm, ethyl acetate). The yield was 2.4 g 
(80%) hydroxydiketone 15 and 0.12 g (9%) of the dimer [13] of acetylcyclohexadienol. M.p. (15) 178˚C - 180˚C; 
IR spectrum, ν, cm−1: 1572, 1620, 1673, 1713, 3300; 1H NMR spectrum (CDCl3, δ, ppm, J, Hz): 1.30 - 2.30 (6H, 
m, 3CH2), 2.20 (3H, s, COCH3), 2.88 (1H, d, J = 2.5 Hz), 3.85 (1H, m), 6.60 (1H, br s, OH) (1H, m), 7.20 - 8.00 
(4H, m); 13C NMR spectrum (CDCl3, δ, ppm): 18.61, 27.71, 29.79, 32.70, 38.48, 53.42, 99.44, 103.19, 114.64, 
116.61, 123.11, 124.06, 132.19, 153.00, 161.91, 162.26, 210.59. Mass spectrum: m/z 300 [M]+, 282, 257. 
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2.3. General Procedure for Synthesis of Tetracycles (11a, b and 16a, b, c) 
To a solution (2 mmole) one of the compounds (14a, b, 15) in 200 ml benzene was added 1.0 g P205 and the 
mixture heated 3 h at bp and then filtered through a 1 cm layer of A1203. The solvent was evaporated and the re-
sidue recrystallized from a mixture of chloroform, ether and hexane. Yield:  

2,2,5-trimethyl-1,2,3,4,7,7a,8,9,10,11,11a,12-dodecahydro-12bH-benzo[d]naphtho[b]pyran-4,12-dion 
(11a), yield = 89%; m.p. 175˚C - 177˚C; IR spectrum, ν, cm−1:1610, 1665, 1710; 1H NMR spectrum (CDCl3, δ, 
ppm, J, Hz): 1.00 (3H, s, CH3), 1.10 (3H, s, CH3), 2.05 (3H, s, CH3), 1.00 - 4.00 (17H, m); Mass spectrum: m/z 
358 [M]+, 343. 

7-carboethoxy-2,2,5-trimethyl-1,2,3,4,7,7a,8,9,10,11,11a,12-dodecahydro-12bH-benzo[d]naphtho[b]pyr
an-4,12-dion (11b), yield = 89%; m.p. 186˚C - 188˚C; IR spectrum, ν, cm−1:1612, 1662, 1705, 1740; 1H NMR 
spectrum (CDCl3, δ, ppm, J, Hz): 0.98 (3H, s, CH3), 1.08 (3H, s, CH3), 1.30 (3H, t, J = 7.5 Hz, CH3), 2.05 (3H, s, 
CH3), 4.20 (2H, q, J = 7.5 Hz, CH2), 1.00 - 4.00 (13H, m); Mass spectrum: m/z 386 [M]+, 371. 

12-methyl-6,11-dioxa-D-homo-1,3,5(10),8,12-pentaen-7,17a-dione (16a), yield = 95%; m.p. 146˚C - 148˚C; 
UV spectrum, λmax., nm (log ε): 210 (4.41), 260 (4.30), 302 (3.95); IR spectrum, ν, cm−1: 1380, 1392, 1610, 1665, 
1715; 13C NMR spectrum (CDCl3, δ, ppm): 17.25, 21.60, 29.89, 32.08, 41.05, 104.00, 113.57, 114.45, 116.67, 
122.57, 124.25, 132.30, 151.45, 152.70, 154.82, 161.32, 201.29; Mass spectrum: m/z 282 [M]+, 254.  

12,16,16-trimethyl-6,11-dioxa-3-hydroxy-D-homo-1,3,5(10),8,12-pentaen-7,17a-dione (16b), yield = 91%; 
m.p. 256˚C - 268˚C (dec.); IR spectrum, ν, cm−1: 1585, 1613, 1655, 1695, 1715, 3340; 1H NMR spectrum 
(CDCl3, δ, ppm, J, Hz): 1.00 (3H, s, CH3), 1.08 (3H, s, CH3), 2.24 (3H, s, CH3), 1.10 - 2.40 (4H, m), 3.70 (1H, d, 
J = 10.0 Hz, CH), 6.86 - 6.96 (2H, m), 7.64 (1H, d, J = 8.0 Hz, CH); Mass spectrum: m/z 326 [M]+, 298. 

12,16,16-Trimethyl-6,11-dioxa-D-homo-l,3,5(10),8,12-pentaen-7,17-dione (16c), yield = 97%; m.p. 197˚C 
- 199˚C; UV spectrum, λmax., nm (log ε): 208 (4.51), 249 (4.23), 260 (4.36), 302 (3.90); IR spectrum, ν, cm−1: 
1360, 1500, 1585, 1615, 1650, 1715; 1H NMR spectrum (CDCl3, δ, ppm, J, Hz): 1.02 (3H, s, CH3), 1.10 (3H, s, 
CH3), 2.26 (3H, s, CH3), 1.40 - 2.90 (4H, m), 3.65 (1H, d, J =12.0 Hz, CH), 7.20 - 7.90 (4H, m); 13C NMR spec-
trum (CDCl3, δ, ppm): 16.92, 28.08, 29.27, 32.11, 32.20, 43.27, 55.19, 104.23, 113.65, 114.53, 116.73, 122.50, 
124.23, 132.11, 151.16, 152.70, 155.02, 161.02, 201.16. Mass spectrum: m/z 310 [M]+, 282. 

2.4. Testing the Toxicity and Anticoagulative Effects 
Acute toxicity of the intraperitoneally-injected compounds was studied in non-inbred male mice, with the signs 
of total toxic effect as well as alterations in the animal appearance and behavior being taken into account. 

Haemocoagulation-related effects of the compounds administered perorally at doses of 5 and 10 per cent of 
LD-50 24 hours before data registration, were studied in male rats in terms of haemocoagulogram parameters. 

3. Results and Discussion 
3.1. Synthesis 
In order to access to the tetracyclic analogues of compounds (7a, b) the interaction endion (4c) with bicyclic 
β-diketones (9a, b) was studied. As with 1,3-cyclohexanedione 1,3-decalindions (9a, b) in the presence of so-
dium methylate easily react with ketodienol (4c), giving tricyclic tetraketons (10a, b) (Scheme 1). The structure 
of the compounds corresponds to the spectral data and elemental analyses.  

Heating of any tricycle (10a, b) in benzene in the presence of P2O5 in both cases gave a single compound, 
which is attributed to the structures (11a, b), rather than their isomers (12a, b), because the authors of articles 
[24] [25] showed that the formation of Δ2-enol derivatives 1,3-decalindions is observed much more likely than 
their Δ1-analogues. Attempts to carry out intramolecular aldol condensation by heating the compounds (10a, b) 
in the medium MeONa/MeOH led to retro-Michael decomposition. It should be noted that the tetracyclic skele-
ton of the type (11a, b) is the base of some natural antibiotics [26]. 

It is known that coumarines with 3:4-fused ring systems are of great interest to medical chemists due to the 
broad spectrum of physiological activity [27] [28]. That is why we studied the reaction of ketodienols (4b, c) 
with 4-hydroxycoumarins (13a, b) (Scheme 2). 

Substituted ketodienol (4c) reacted with 4-hydroxycoumarins (13a, b) to give good yilds of tricyclic products 
(14a, b), whereas unsubstituted one (4b) reacted with 4-hydroxycoumarins (13a) to form tetracyclic compound 
(15). It is evident that in the second case [2 + 4]-cycloaddition reaction was observed whereas in the first case  
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only Michael addition took place. 

It is known [21] that 2-Acetyl-2-cyclohexenone (3b) undergoes Diels-Alder reactions with enol ethers.  
The structure of the obtained compounds completely agrees with the results of elemental analyses and spectral 

data. Thus, 1H-NMR spectra of compounds (14a, b) showed proton signals of cis-ketoenol form (~15.2 ppm) 
acetylcyclohexanone moiety. The 13C-NMR spectrum of (15) exhibited carbon signals of ketone (210.59 ppm) 
and lactone (161.91 ppm) carbonyl, hemiketal (99.44 ppm) functions. 

Dehydration of compounds (14a, b) and (15), gave 6,11-dioxa-analogs of the steroids. In the 13C NMR spec-
tra of compounds 16a and 16c all the signals could be unequivocally assigned, including lactones (161.02 and 
161.32 ppm) and 17a-ketones (201.16 and 201.29 ppm) respectively. The formation of compounds (15, 16b, c) 
rather than an alternative structure of the type of (17a, b, c) is in accordance with the greater activity of the ke-
tone compared with the lactone carbonyl: in the majority of cases the reaction of 4-hydroxycoumarin and its aza- 
and thiaanalogs takes place with participation of the ketone function [29] [30].  

3.2. Biological Testing 
According to our data, poisoning effects of the toxic doses of the compounds in the mice became obvious within 
a few hours after the injections. The animals could hardly move and rejected their food. There were numerous 
skin and internal bleedings. The toxic doses of compounds (14b) and (15) resulted in the death of the mice 
within the first day after the injections, whereas the compound (14a)—injected animals lived as long as 5 to 6 
days. Compound (16c) turned out to be low toxic, with no poisoning effects being registered even in case of its 
injection at a dose of 3000 mg/kg. The acute toxicity data are shown in Table 1. 

Compounds (14a, b) and (15) were tested for anticoagulant activity 24 hours after their peroral administration  
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Table 1. Parameters of the acute toxicity of intraperitoneally-injected 4-oxycoumarine derivatives registered in non-inbred 
mice.                                                                                                  

Compound LD-50 Reliability intervals 
14a 708 500 - 1008 
14b 708 500 - 1008 
15 1030 676 - 1384 
16c >3000 - 

 
Table 2. Effects of 4-oxycoumarine derivative 14a administered perorally 24 hours before the data registration on haemo- 
coagulogram parameters in control {C} and test {T} rats.                                                        

Rats LD-50, 
percentage 

Reaction  
time r,  
min. 

Thrombin  
constant K,  

min. 

Coagulation 
constant t min. 

Syneresis 
constant S 

Total  
coagulation 
index T min. 

Maximum 
amplitude 
Am, mm. 

Elasticity  
of clot E 

Hyper  
coagulation 

index ci 

C  12.0 ± 0.6 11.6 ± 1.6 45.0 ± 6.4 56.6 ± 7.6 68.6 ± 8.0 42.0 ± 1.9 73.2 ± 5.7 1.8 ± 0.1 
T 5 20.2 ± 1.0* 16.8 ± 1.7 52.0 ± 5.9 68.8 ± 7.0 89.0 ± 6.7 43.4 ± 2.9 78.9 ± 10.9 1.2 ± 0.1 

Effect percentage 68.3       33.4 
C  16.0 ± 1.2 14.6 ± 1.5 38.0 ± 6.4 52.6 ± 6.5 68.6 ± 5.5 40.4 ±3.3 70.0 ± 10.4 1.4 ± 0.1 
T 10 23.2 ± 2.4* 42.6 ± 11.9* 48.0 ± 6.0 90.6 ± 8.9* 113.8 ± 10.6* 31.4 ± 2.7 47.9 ± 5.2 0.6 ± 0.1* 

Effect percentage 45.0 191.8  72.2 65.9   57.1 

 
at doses of 0.05 and 0.1 DL50. Of the studied compounds, only compound (14a) turned out to show anticoagu-
lant effect. 

Compound (14a) administered perorally at a dose of 5 per cent of LD-50 24 hours before the data registration, 
was found out to result in blood coagulation decrease evidenced, as is shown in Table 2, by enhancing the reac-
tion time r as well as lowering the hypercoagulation index ci in the rats. The dosage growth up to 10 per cent of 
LD-50 increased to some extent the anticoagulative effects of the compound, which could be seen by the cor-
responding alterations in the reaction time, thrombin constant, syneresis constant, total coagulation time, hyper-
coagulation index. These alterations of haemocoagulogram parameters may evidence distortions of blood coa-
gulation phases 1 and 2. The studied compound displayed anticoagulative activity which, however, was suffi-
ciently less than that of coumarine series anticoagulants characterized by indirect effects. 

4. Conclusion 
In conclusion it is necessary to note that heterocycles (11a, b) are of interest as a starting material for further re-
search on the synthesis of carbocyclic steroids. Compounds (15, 16a, b, c) are of interest in terms of biological 
testing for oestrogenic activity because coumarine analogs of steroids are known to show this activity and keep 
it for much longer period than natural compounds [31]. 
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